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LAMP, CONDENSING OPTICAL SYSTEM, 
AND IMAGE DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a lamp having an illumi 

nant section, for re?ecting and condensing light emitted 
from an illuminant Within the range of a radiation angle, and 
relates to a condensing optical system and an image display 
device Which use the lamp. 

2. Description of the Related Art 
FIG. 1 is a diagram shoWing a con?guration of a con 

densing optical system using a conventional lamp and 
shoWing a sectional vieW of the condensing optical system 
Which has been cut by a plane including the optical axis of 
the optical system. 

In FIG. 1, reference number 101 designates the conven 
tional lamp, 101a denotes an illuminant, 1011) indicates a 
lamp re?ector, and 1010 designates a lamp front glass. 

The conventional lamp 101 is made up of the illuminant 
10111, the lamp re?ector 101b, and the lamp front glass 1010. 
The illuminant 10111 has a glass bulb and electrodes 

placed at the center of the bulb. The light is generated in and 
emitted from a space betWeen the electrodes. The space 
betWeen the electrodes is a light source of the illuminant 
101a. 
The lamp re?ector 10119 is a re?ecting mirror formed on 

an ellipsoid of revolution, in Which the illuminant 10111 is 
located at one of tWo foci of the ellipsoid of revolution 
(hereinafter referred to as “parabolic focus”) and at the 
center position betWeen the electrodes. The ellipsoid of 
revolution re?ects the light emitted from the illuminant 
101a. 
The ellipsoid of revolution means a space curved surface 

obtained by rotating a part of the ellipsoidal around its 
rotation major axis (or optical axis) 
When light emitted from one of the foci of the ellipsoidal 

surface on the optical axis is re?ected by the ellipsoid of 
revolution, it is Well knoWn that all of the re?ected light is 
condensed into the other focus of the ellipsoidal. That is, the 
tWo of the ellipsoidal are conjugate points. 

The use of this principle can make the lamp have a 
condenser function. When compared With the lamp using the 
paraboloid of revolution generating parallel light, the lamp 
101 can be constructed With a small number of components 
because the ellipsoid of revolution condenses light and it 
thereby does not require any condenser lens for condensing 
parallel light into the lens focus. 

Based on the above reasons, in the lamp 101 the illumi 
nant 10111 is an approximate point light source, and the 
center point of the electrodes of the illuminant 10111 is 
coincided With one focus of the ellipsoid of revolution of the 
lamp re?ector 101b, and the lights emitted from the illumi 
nant 10111 are re?ected by the lamp re?ector 10119 and then 
condensed into the other focus of the ellipsoid of revolution. 

The lamp front glass 1010 is so placed that it covers an 
aperture of the lamp re?ector 10119. This prevents the 
occurrence of a rarely accident caused by explosion of the 
illuminant 101a, so that the lamp front glass 1010 can 
prevent to spread the damage of the explosion to other 
optical elements. 

The lights, of course, re?ected by the lamp re?ector 10119 
are radiated to external section of the lamp 101 through the 
lamp front glass 1010. In the conventional lamp 101, it is so 
designed that the incident plane (or incoming plane) and the 
outgoing plane of the lamp front glass 1010 are planes Which 
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2 
go straight to the optical axis Z, so that the incident plane 
and the outgoing plate of the lamp front glass 1010 refract 
the lights from the lamp re?ector 10119 and condense the 
lights into the focus on the optical axis apart from the other 
focus of the ellipsoid of revolution. 

Reference 103 designates a column-shaped glass called “a 
rod integrator” having a con?guration in Which the light is 
input through its incident plane and transmitted through the 
inside of the rod integrator and output through its outgoing 
plane. In order to increase the light receiving e?iciency at the 
incident plane and to suppress a loss as loW as possible by 
increasing the amount of the incident light as large as 
possible, the incident plane of the rod integrator 103 is 
placed at the condenser point of the light passed through the 
lamp front glass 100. 
The line Z through Which the center of the illuminant 

101a and the center of the incident plane of the rod inte 
grator 103 are connected is a common optical axis. The 
positive direction (or forWard direction) of the optical axis Z 
is a forWard direction of the light. The space near the optical 
axis Z indicated by reference character D is a dead Zone 
Where there is no light ?ux. The conventional condensing 
optical system comprises the lamp 101, the condenser lenses 
102a and 102b, and the rod integrator 103. 

Before the explanation of the operation of the condensing 
optical system shoWn in FIG. 1, a description Will noW be 
given of the explanation of a brilliance distribution charac 
teristic and an orientation distribution characteristic of the 
illuminant 101a. 

FIG. 2 is a diagram shoWing a typical brilliance distribu 
tion characteristic of the illuminant 101a. For example, the 
illuminant 101a such as a metal halide lamp and a high 
pressure mercury lamp has the brilliance distribution char 
acteristic shoWn in FIG. 2. 

In FIG. 2, reference characters 101d and 101e denote the 
electrodes of the illuminant 101a, Pd and Pe indicate emit 
ting front points closed to the electrodes 101d and 101e, and 
Pf designates the center point of the emitting front points Pd 
and Pe. 

As previously explained, the center point Pf is equal in 
position to the ellipsoidal focus of the lamp re?ector 1011). 
Reference number 104 designates the brilliance distribution 
of the illuminant 101a shoWn in contour lines. The brilliance 
distribution 104 is shoWn using the relatively brilliance 
values 1(k90 every 10. 

The distance d shoWn in FIG. 2 is called an arc length that 
is one of indexes of the performance of the lamp 101. That 
is, the arc length d is an approximation parameter indicating 
the degree of the similarity betWeen the actual illuminant 
101a and an ideal point light source. 

When the magnitude of the arc length d is smaller as loW 
as possible, the front points Pd and Pe of the electrodes 101d 
and 101e become closer to the center point Pf, so that the 
illuminant 101a becomes closer to the ideal point light 
source. 

Thus, the illuminant 10111 has the illuminant of a ?nite 
siZe de?ned by the arc length d. When AC or DC voltage is 
applied to the electrodes 101d and 101e, the light is emitted 
from the space betWeen the electrodes 101d and 101e 
according to the brilliance distribution 104. As can be 
understood from FIG. 2, the maximum brilliance of a 
relative brilliance value of approximately 90 is obtained at 
the front points Pd and Pe of the electrode 101d and 101e. 
The relative brilliance value 50*60, Which is slightly smaller 
than the maximum brilliance value, is obtained at the center 






















